Abstract. We present the software realization of the discrete source of errors which can be applied while simulating the procedures for the signal detection and the determination of radio source coordinates in multiposition passive time difference of arrival systems. We introduce and validate the probabilistic models of errors occurring during signal time delays measurements performed by such systems.
Introduction
At the stages of designing and implementation of the modern radio engineering systems (RES), there are often the cases when the analytical task solution is extremely difficult (or practically impossible) to be performed mathematically, while conducting the experimental studies and natural tests is very time consuming. One of the effective ways to overcome these difficulties is the application of modern computer aids and software for simulation of RES operation. In addition, mathematical simulation allows us to simplify synthesis and analysis of the signal processing algorithms, their implementation involving the use of digital computing units [1] .
Thus, the most powerful tool for the study of the multiposition time difference of arrival (TDOA) systems for signal detection and position determination of radio sources (RSs) is simulation, allowing reproducing both temporal and logical connections of the existing processes with the maximum adequacy. For qualitative assessment of the complex TDOA systems operation, the results of the theory of random processes can be effectively applied. Experience in observing objects shows that they operate in the conditions of varied random factors, therefore there can be made only a probabilistic prediction of the complex system behavior [2] .
Multiposition passive TDOA systems belong to the class of systems for information extraction and, as a rule, they operate in the conditions of conflicting information interaction. The conflicting environment leads to an even bigger prior uncertainty about the parameters and the characteristics of extraction information channels. Therefore, the model development of the sources of errors in information transfer channels for correct simulation of the passive TDOA systems is an actual scientific and technical problem indeed and is of interest for the experts in the field of radio engineering and simulation.
The major aims of this paper are 1. To study the probabilistic models of the measurement errors of signal time delays in multiposition passive TDOA systems; 2. To create and to test the discrete source of errors on the basis of software pseudorandom number generator for valid computer simulation of the operation of arbitrary passive TDOA system configurations.
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The Simulation Model of the TDOA System Tested
In the considered case, the simulation object is asymmetrical multiposition passive TDOA system for signal detection and measurement of RS position (Figure 1 ). In multiposition passive TDOA systems the RS coordinates are determined by the differences of the signal reception times at the diversity receiving points (RPs). According to a configuration of the tested TDOA system (Figure 1) . Measurement of the distance differences is equivalent to measurement of relative time shifts of the signals that have passed various propagation paths. In order to determine RS (target) position, it is necessary to calculate two coordinates T x and T y . Thus, the problem definition ( Figure 1 ) is equivalent to the block diagram of simulation model of the multiposition passive TDOA system ( Figure 2 ). Here radio waves radiated by RS and reflected from the objects arrive to the diversity PRs ( 1 RP , 2 RP and 3 RP ) being device cluster extracting radio 99 signals from objects. According to the central information reception and processing point data, the signal time delays are measured, including the errors occurring because of interference source. With additional initial data, the calculation of the plane RS coordinates is carried out and the estimate of a radial measurement error is produced by means of the technique presented, for example, in [3] .
The Characteristics of Measurement Errors of the Signal Time Delays in Multiposition TDOA Systems
It is well known [4] that in radar target detection, the estimate of relative time shifts of the signals passing the various propagation ground line paths from RS to TDOA system has a measuring error because of the reflections of radio waves from local subjects and underlying surface ( Figure 2 ). To present it simply, the error of measurement result is a deviation of the measurement result from the true value of the measured parameter. In practice, true values of signal time delays true 0i   are unknown; however, under theoretical examination they can be analytically obtained. Therefore, the measurement errors of the signal time delays (Figure 1 ) are included into the following expressions: (1) The nature of interference (error) sources can be rather different. In real information channels, many of them operate simultaneously, and the interference has the complex structure [2, 4] . Generally, the errors of intelligence equipment estimating the radio signal parameters can be divided into the three types: technical, small (normal) and big (abnormal).
The technical errors are errors occurring during the communication of the meter with the object-to-be-measured, and they are caused by the imperfection of the measuring tools (i.e. digitization and quantization errors). As a rule, in modern metering devices, such errors are negligible and do not have a measurable impact on the accuracy of RS localization. However, they cannot be entirely eliminated.
Measurements with small (normal) errors are grouped around the true value of the signal propagation time difference, while the deviation from true value is caused by the set of the independent random factors, neither of them prevailing [4] . Therefore, for small errors the conditions of the central limit theorem are satisfied and the distribution law of such errors is Gaussian.
In case of the abnormal errors, their values are most often not important as when the abnormal error occurs, the radar system operation is violated. In operating the multiposition TDOA system, the complex enough and varied mechanisms of the errors occurrence measurement are realized interconnecting the external conditions and the technical system characteristics, and we can say that they have been insufficiently examined in common studies yet. Thus, it is impossible to specify precisely the border separating one type of errors from the others.
In order to exclude the use of multichannel (by the frequency) radio receivers in modern TDOA systems, it is practical to pass from analogue to digital signal processing. For this reason, we consider the discrete model of the source of errors. Thus, during simulating TDOA system model (Figure 2) , the source of errors should produce discrete random process   The discrete values of technical, normal and abnormal errors can be characterized most conveniently and reasonably by the error occurrence probabilities during a certain number of 100 measurements. To set the probabilities of possible values of a random variable, in probability theory the probability distribution functions are employed. In the Table 1 , the probabilities of occurrence of various types of errors are specified depending on a number of measurements. It must be emphasized that the probabilistic characteristics of errors presented in the Table 1 are not strictly set and they can be changed depending on the possible influence of external factors. For example, while simulating the passive radar systems, such conditions are created when the occurrence probability of abnormal errors is expected to have a small value; and while counteraction, or radio masking, is being implemented it is necessary to account for the maximization of abnormal error probability. The distribution function   x F of the discrete pseudorandom measurement error value is graphically presented in Figure 3 .
In order to form the array of discrete errors of measurements, we use the Box-Muller transformation (a method for simulation of the standard normally distributed random variables) [5] . This method is exact, unlike the methods based on the central limit theorem. To increase processing speed, we apply the modification of the specified method that requires less computational complexity [6] . Then the function for generating the errors of relative signal time shifts takes the form of
where μ is the mathematical expectation of the random value, σ is the root-mean-square deviation, s and γ are the random variables uniformly distributed within the interval   In particular, in Figure 4 the probability density function is shown of discrete technical errors of measurement of signal time delays generated by applying the Box-Muller transformation (2) . It should be noted that the similar probability density functions characterize the discrete normal and abnormal errors.
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The Software Realization of the Discrete Source of Errors
For computer simulation of the sequence of errors of measurements of the signal time delays   i E , the special software is used including typical modules for generating the normal discrete pseudorandom variable from the set range ( Figure 5 ). The number of modules corresponds to the number of the numerical intervals needed for the simulation of the various types of errors (Figure 3 ). 
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The Operation of the Discrete Source of Errors as Part of the TDOA System Model Simulation
For the experimental study of the measurement processes of plane RS coordinates in the conditions of interferences influence (source of errors), we carry out the imitating simulation in the MATLAB programming environment. In Figure 6 , the configuration of the simulated TDOA system is shown, as well as the results of the determination of the RS coordinates achieved when 200 measurements have been conducted. From Figs. 6, 7, we can see that the results of the measurements mostly concentrates around the true value of the RS coordinates, forming the ellipse of dispersion (of errors). Here, the value of the radial error of the coordinates estimate ranges from 1 to 150 m and, that means that the measurement errors have been caused by the presence of technical and normal errors. And only for two measurements ( Figure 6 ) the value of a radial error is about 6000 m. In this case, we can see the presence of the abnormal errors breaking the radar system operation.
All these circumstances correspond to the proposition specified above concerning the types of errors and the probability of their occurrence in a number of measurements. Thus, the considered model of the discrete source of errors can be used for correct computer simulation of the multiposition TDOA system operation. 
Summary
The introduced model of the discrete source of errors allows us to carry out simulation of random harmful factors influence on the process of measurement of RS coordinates in multiposition passive TDOA system by means of pseudorandom numbers with the specified probabilistic characteristics. At that, the result obtained during a single simulation are considered to be the realizations of the random process only. Each of such realizations cannot separately characterize the examined system objectively. Thus, to attain the reliability of the simulation results the statistical data processing of a great number of realizations can be implemented. In TDOA systems integration, the simulation results can be useful for determining performance of their varied configuration and for the needs of their perspective design. Thus, to increase the accuracy of measurement of RS coordinates by multiposition passive TDOA system in the conditions of interference influence, the further development should be implemented of both adaptive methods of information processing and effective, practically realizable algorithms and software.
